Background: While many studies have examined environmental risk factors for autism spectrum disorder (ASD), much of the research focus has been on prenatal or perinatal factors. Yet, the postnatal environment may affect the risk of ASD as well. Objective: To determine whether a set of five postnatal variables are associated with ASD. These variables are: acetaminophen exposure, antibiotic exposure, incidence of ear infection, decreased duration of breastfeeding, and decreased consumption of oral vitamin D drops. Materials and methods: An Internet-based survey was conducted. Participants were parents living in the USA with at least one biological child between 3 and 12 years of age. Potential participants were informed about the survey via postings on social media, websites, and listservs and were offered an opportunity to participate in a raffle as well. Participants were also recruited through the Interactive Autism Network. 
Plain language summary
In order to determine whether certain factors are associated with autism spectrum disorder (ASD), we conducted an Internet survey among parents whose children have ASD and parents whose children do not have ASD. Based on the response from this survey, we find that increased use of acetaminophen among children under 2 years, increased use of antibiotics among children under 2 years, increased cases of ear infection among children under 2 years, and early weaning are associated with ASD. These results account for the associations with demographic variables. In addition, we find a weak association between consumption of oral vitamin D drops and ASD when accounting for associations with breastfeeding and demographics.
Introduction
Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by restricted and repetitive behaviors and deficits in social communication. 1 Evidence suggests that both genetic and environmental factors are involved in its etiology. 2 While many studies have been conducted to examine possible environmental risk factors for ASD, much of the research focus has been on prenatal or perinatal factors. [3] [4] [5] Yet other studies have found that some infants with seemingly normal or near-normal development in early infancy later regress into ASD. 6, 7 This suggests that postnatal factors may be of some importance as well.
Some potential postnatal risk factors that have been considered are decreased breastfeeding, 8 antibiotic exposure, 9 ear infection, 10 acetaminophen exposure, 11 and decreased vitamin D consumption. 12 With respect to breastfeeding, some studies have found that longer duration of breastfeeding is associated with decreased risk of ASD, 8, 13, 14 but one large study found no such effect. 15 With respect to antibiotics, prenatal maternal exposure has been found to be associated with ASD. 16 Separately, there have been anecdotal reports of regression into ASD following postnatal antibiotic exposure. 17 Two small case-control studies, one with 24 controls and the other with 11 controls, found an association between postnatal antibiotics and ASD. 9, 18 With respect to ear infection, three small case-control studies found an association with ASD, 9, 10, 19 but one large case-control study found the opposite. 20 With respect to acetaminophen, a case-control study using Danish medical records found that prenatal exposure is associated with ASD 21 and a small case-control survey study found that postnatal exposure is associated with ASD. 11 A recent review summarized evidence that postnatal exposure may be a risk factor for ASD and concluded that a rigorous study examining whether it increases the risk is urgently needed. 22 With respect to postnatal oral vitamin D exposure, some have inferred that it may reduce the risk based on a variety of arguments, 12, 23, 24 but others have suggested that excessive multivitamin consumption in general during infancy may increase the risk, 25 and one of the authors of this study has offered some epidemiological evidence that postnatal oral vitamin D is unlikely to decrease the risk. 26 Therefore, with respect to these potential postnatal risk factors for ASD, it would appear the effects of duration of breastfeeding, ear infection, and oral vitamin D supplementation are unsettled. Postnatal antibiotics have been found to be associated with ASD in two small studies, and postnatal acetaminophen has been found be associated with ASD in one small study that has yet to be replicated. The present study was designed to examine these potential factors.
Materials and methods Questionnaire
A survey was constructed using Qualtrics software. Participants were to be biological parents of children who were born and resided in the USA, and at least one child of each participant was to be between 3 and 12 years of age. The survey had between 22 and 25 multiple-choice questions, depending upon whether the participant had a child with ASD. Each participant with a child with ASD was asked questions regarding the participant's youngest child with ASD. Each participant whose children did not have ASD was asked questions regarding the participant's youngest child between 3 and 12 years of age.
Most questions on postnatal exposures were focused on the first 2 years of life. Five questions had an "Other" answer with a textbox to permit entry of additional information. For example, one question asked of ASD parents was, "Does your child have a known genetic syndrome?" The set of non-exclusive multiple-choice answers included "Fragile X", "Rett Syndrome", "Tuberous Sclerosis", "None", and an "Other" box where participants could enter other genetic conditions.
ethics
This study was approved by the Institutional Review Board of Columbia University Medical School. All participants whose responses were used in this study completed an electronic informed consent, which served as the first question in the survey.
recruitment
Potential participants were informed via postings, listservs, and landing pages that the investigators were conducting a short Internet-based research survey. Participants were also offered the opportunity to enter a raffle for a $50 gift card. To increase participation, especially among parents of children who do not have ASD, participants were encouraged to share the survey with friends whose children do not appear to have ASD. A thank you landing page that appeared upon completion of the survey included buttons for sharing the survey on Facebook and for sending an email about the survey to friends.
Posts or emails about the survey were sent to the members of 216 different groups (Table S1) 27, 28 as well as verified by a review of parent-and professional-provided medical records, 29 and participants must have received a professional diagnosis of ASD.
To decrease the likelihood of bias, groups with strongly held views on the etiology of ASD were not targeted for recruitment. Nor were groups where vitamin supplementation was a theme. The survey was referred to as "Developmental Factors Survey", and the specific factors being examined were not disclosed in any of the recruitment materials. To decrease the likelihood of survey fraud, the IP addresses of participants were recorded and participants were asked to provide their email addresses.
exclusions
After the data were collected, case and control groups were determined. Only responses from biological parents residing in the USA who answered the survey questions regarding a child between 3 and 12 years of age were included. Responses were then separated into ASD and non-ASD buckets. The ASD bucket as defined in this step included responses associated with children who have ASD, autism, Asperger's, or pervasive developmental disorder-not otherwise specified according to the survey respondent. While the latter three diagnoses are no longer used, older children may have been diagnosed with these conditions before 2014. 30 The following were excluded from the ASD bucket: those not diagnosed by a professional and those with a genetic condition of high penetrance for ASD. As this study is focused on potential postnatal risk factors, if a child's diagnosis could be attributed to a known genetic factor, which is by the nature of genetics a prenatal factor, exclusion of these individuals from the case set is justified.
One of the questions in the survey was whether the child has attention-deficit/hyperactivity disorder, attention deficit disorder, sensory processing disorder, apraxia, or some other neurologic condition. Often, some symptoms of these disorders are present in those with ASD [31] [32] [33] and some of these disorders appear to share some common genetic risk factors with ASD. 34, 35 Likewise, it seems conceivable that they may share some non-genetic risk factors with ASD as well. Therefore, survey responses on children with any of these four conditions were excluded from the control group.
construction of variables
An initial set of raw binary categorical variables was constructed based on the specific answers to eight questions from the survey. For example, one question in the survey was on breastfeeding duration, and five binary categorical variables were constructed from the five answers to this question.
Using data from these same eight questions, a second distinct set of seven scaled exposure variables was constructed to represent magnitudes of exposure by associating a number with each answer of each of the questions of interest. These seven scaled exposure variables are: breastfeeding (months), antibiotic (courses), ear infection (number), acetaminophen (doses), ibuprofen (doses), vitamin D drop (months × dose), and folate (binary).
For example, the discrete answers to a question on the number of courses of antibiotics provided up to the second birthday were: "None", "1", "2-3", "4-7", "8-15", "16+", and "I'm not sure". Each answer was associated with the number corresponding to the lower bound in the respective range. Specifically, the corresponding numbers for these answers were 0, 1, 2, 4, 8, 16, and not available (NA). This correspondence was used to construct the scaled antibiotic variable.
While there were two questions related to vitamin D drops in the survey (one for duration and the other for dose), a single cumulative vitamin D drop exposure variable was included among the seven scaled variables used in most analyses to parsimoniously represent vitamin D drop exposure. Specifically, it was defined as a vitamin D drop duration variable multiplied by a vitamin D drop dose variable.
Some research on prenatal folate suggests that maternal supplementation around the time of conception is associated with a decreased risk of ASD. [36] [37] [38] Thus, the folate variable was defined to be a binary categorical variable, with a value of 1 if the respondent indicated that the biological mother used prenatal folate for the entire pregnancy or just the first trimester and a value of 0 otherwise.
Eight demographic variables were also constructed. Some were scaled variables such as education where the answers were assigned to ordinal numbers. Others were binary categorical variables such as ethnicity, where "White (nonHispanic)" was associated with 0 and all other ethnicities were associated with 1.
Two additional scaled exposure variables were defined. One was a low-granularity antibiotic variable. The antibiotic question on the survey included six answers with ranges. The ear infection variable included four answers with ranges. Thus, the original antibiotic variable provides data with greater granularity than the ear infection variable. The low-granularity antibiotic variable was constructed to 
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The other scaled exposure variable was a crude total oral vitamin D variable, which was constructed to represent the average amount of oral vitamin D consumed in the first 18 months of life from vitamin D drops, breast milk, infant formula, and cow's milk. It was calculated using answers from survey questions and data from the literature, and was normalized to 400 International Units (IU) per day, which is the Recommended Dietary Allowance for oral vitamin D for those ,1 year old. 39 Breast milk, infant formula, and cow's milk average about 45 IU of vitamin D per liter, 40 450 IU of vitamin D per liter, 41 and 500 IU of vitamin D per liter, 42 respectively. The latter two fluids have more vitamin D because they are highly fortified. 41, 42 This variable assumed each infant received one of these primary sources of sustenance at any given time during its development. The primary source of sustenance for each month of development was determined by the answer to the breastfeeding question in the survey. For months 1 through 12, those who were not breastfed during that month were assumed to receive infant formula. After 12 months, those who were not breastfed for that time were assumed to receive cow's milk. The daily exposure to the primary source of sustenance in any given month was assumed to be 600 mL, which is generally consistent with the literature on consumption of breast milk and infant formula. 43, 44 Details on the encoding of the scaled exposure variables and the encoding of the demographic variables are provided in Tables S2 and S3 , respectively.
statistical analysis
Analyses were run using the R statistical package. Crude Wald odds ratios (ORs) and CIs were computed for each of the binary categorical variables. Pearson's correlations between each pair of the seven scaled exposure variables were calculated.
A consistent set of covariates was determined objectively for most logistic regressions using the following procedure. A candidate set of covariates was defined to be the set of eight demographic variables. For each of the seven scaled exposure variables, a minimal set of covariates was selected from this candidate set of covariates, using Akaike information criterion (AIC) for a logistic regression of the scaled exposure variable in question against the outcome of ASD. AIC is a measure of relative model quality. 45 The superset of covariates obtained from these seven minimal sets defined the consistent set of covariates to be used in most analyses.
Logistic regressions were run to compute ORs and adjusted odds ratios (aORs) for the seven scaled exposure variables using a consistent set of covariates. In addition, six models, each of which included pairs of potentially related variables, were constructed: 1) Antibiotic/Ear infection; 2) Lowgranularity antibiotic/Ear infection; 3) Acetaminophen/ Ibuprofen, an Analgesic model; 4) Breastfeeding/Vitamin D drops; 5) Breastfeeding/Vitamin D drops excluding cases with ASD siblings; and 6) Breastfeeding/Total vitamin D.
An additional analysis was run on prenatal folate, where the underlying data set was enlarged to include those with genetic conditions of high penetrance for ASD.
Separately, a multifactor ASD risk model was constructed. Candidate variables for inclusion in this model consisted of the seven scaled exposure variables and the eight demographic variables previously described. Variable selection for this model was determined objectively using AIC. 45 
Results

cases and controls
The survey was opened to participants on April 5, 2017 and was closed on May 29, 2017. There were 1,741 completed survey responses.
Following the procedure described in the "Materials and methods" section, the raw responses were pared down to case and control groups as shown in Figure 1 . Through the "Other" textbox on the genetic syndrome question, some respondents indicated that genetic testing was planned or that the child had a common single-nucleotide polymorphism such as MTHFR. As these answers do not qualify as known genetic conditions of high penetrance for ASD, these responses were not excluded from the case set. After exclusions, 1,515 responses were included in the primary case-control analyses: 1,001 cases and 514 controls.
Demographics Table 1 provides the demographic characteristics of the participants. Case children were on average 1.8 years older than controls, were much more likely to be male than controls, and were somewhat more ethnically diverse than controls. There was proportionally greater representation in the South among cases than controls and, conversely, proportionally less case representation in the Midwest than controls. Case biological mothers were on average 1.2 years younger than control biological mothers at the birth of the child and were somewhat less educated than control biological mothers. The survey respondents for both cases and controls were overwhelmingly biological mothers. 
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Postnatal asD risk factors survey Of the groups targeted, the greatest number of responses was generated by IAN. The "How did you hear about the survey?" question did not have an explicit answer for IAN, but many who learned about the survey through IAN selected "Other" and filled in "IAN" or some variant in a textbox. Due to the large number of participants who did this, these responses have been separated from the residual "Other" responses in Table 1 .
Ors and aOrs
Wald ORs for the set of categorical variables constructed from the raw survey responses are reported in Table 2 . Six of the eight questions highlighted in this table have categorical variables with statistically significant associations with ASD. An alternative set of dose-dependent Wald ORs relative to no exposure were computed on the categorical variables and are reported in Table S4 .
Correlations were computed between each pair of the seven scaled exposure variables and are shown in Table 3 , with n's and p-values in Tables S5 and S6 , respectively. Many questions in the survey included an "I'm not sure" answer, or other answers that conveyed limited information. Thus, some variables had missing data. Pairwise deletion was used when computing correlations.
The consistent set of covariates was found to include all eight of the candidate covariates as all eight were included in the minimal sets of covariates for some of the seven scaled exposure variables based on AIC. The eight covariates are: gender, age of the child, ethnicity, Midwest, South, maternal education, age of the mother at the time of birth of the child, and relationship to the child. The latter two variables were not present in some of the minimal sets.
Four of the seven scaled exposure variables were found to have statistically significant associations with ASD when adjusted for the eight covariates (Table 4 ). These four are: duration of breastfeeding, doses of postnatal antibiotics, doses of postnatal acetaminophen, and incidence of ear infection. Analogous results, where gender is not a covariate, are shown in Table S7 .
Additional analyses were run to determine whether excluding the covariate for relationship or the covariate for age of the mother would impact the results. Excluding either of these covariates was found to have only minor effects.
specialized general linear models
The Antibiotic/Ear infection model shows that only the antibiotic variable is statistically significant when included in a joint model with ear infection. The Low-granularity antibiotic/Ear infection model shows that the same is true of the low-granularity antibiotic variable in a joint model with ear infection. Similarly, the Analgesic model shows that the association between acetaminophen and ASD is weak but still present, while any relationship between ibuprofen and ASD is no longer evident in a joint model. Both the 
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Breastfeeding/Vitamin D drop models show that when breastfeeding is included in a model, increased oral vitamin D drop exposure is weakly associated with ASD. Likewise, the Breastfeeding/Total oral vitamin D model shows that when breastfeeding is included, increased total oral vitamin D exposure is weakly associated with ASD. Statistics on these paired variable models as well as the Folate only model with additional genetic conditions are shown in Table 5 . Results for analogous models, where gender is not a covariate, are shown in Table S8 .
Multifactor model
Using AIC as the criterion for variable inclusion, the resulting multifactor risk model consists of the variables for breastfeeding, antibiotics, vitamin D drops, gender, and five other covariates. Table 6 provides statistics on this model.
Discussion Demographics
While there is a high concentration of males among case children, this is expected as male gender is a significant risk factor for ASD. 46 In contrast, the male to female ratio among control children is unremarkable.
The age difference between case and control children can be explained by the survey design. Case parents were asked questions about their youngest biological child with ASD, while control parents were asked questions about their youngest biological child between 3 and 12 years of age. Hence, some case parents would have had a younger child between 3 and 12 years. In addition ASD is often diagnosed late. 47 Thus, based on these two observations, one would expect that case children would be somewhat older than control children, which is what was found.
While control biological mothers were better educated than case biological mothers in aggregate, both were better educated than the female adult population of the USA between 25 and 54 years of age. 48 The emphasis on friend recruitment of controls appears to have been effective. As Table 1 indicates, 73.3% of control respondents were friends of other respondents, while only 16.0% of cases were friends of other respondents. Studies that rely on friend recruitment of controls often result in control groups that are marginally less ethnically diverse and somewhat better educated than cases. 49 Thus, it is not surprising that this pattern holds in this data set as well.
Potential bias
One type of bias that may have affected results in this study is self-selection bias. This is sometimes called nonresponse bias, and it comes about from differences between those who choose to participate in a study and those who do not. 50 A relevant question is whether this effect resulted in systematic bias in the answers to the exposure questions in this survey. The beliefs of parents of children with ASD regarding causes of ASD are not homogeneous. [51] [52] [53] About 13% of parents of children with ASD consider vaccines to be the major cause of ASD. 51 Since none of the questions in this survey relate to vaccines, this survey is unlikely to have been of exceptional interest to these parents. About 55% of parents of children with ASD believe that genetics is the major cause of ASD. 51 It seems likely that this survey would not have been of exceptional interest to most of these 
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Bittker and Bell parents either. However, some parents whose children have ASD view environmental variables excluding vaccines as potentially significant risk factors. [51] [52] [53] It seems likely that the survey may have been of exceptional interest to some of these parents. Thus, it seems plausible that such parents participated disproportionately.
It also seems plausible that the views of parents on potential risk factors may have been partly informed by their experiences in the development of their own children. For example, a mother of a child with ASD who did not breastfeed and who later became superficially aware of some of the existing research on potential benefits of breastfeeding might be more inclined to believe that early weaning could be a risk factor for ASD. This is a form of confirmation bias.
If this led to systematic bias on the answers to exposure questions, then it seems probable that this would tend to bias results toward aggregate participant views on whether the variables examined are likely to be causative. As many participants were highly educated, and there is some existing medical literature related to many of the variables examined in the study, it seems plausible that the survey results could be biased toward what the existing medical literature suggests is the general direction or hypothesized direction of association of each of the potential risk factors with ASD.
For example, as previously mentioned, some medical literature suggests that breastfeeding may be protective. 8, 13, 14 Hence, the survey results could be biased in this direction. Such an effect could bias results in favor of associations between ASD and early weaning, 8, 13, 14 incidence of ear infection, 9,10,19 use of acetaminophen, 11, 22 and use of antibiotics. 9, 18 Relatedly, some of the existing literature seems to suggest that prenatal folate and postnatal oral vitamin D could be protective. 12, 23, 24, [36] [37] [38] However, the results from this study show no association between prenatal folate and the risk of ASD, and the results suggest that postnatal oral vitamin D is weakly associated with increased risk of ASD. Thus, it would seem either this type of confirmation bias did not significantly affect the direction of the associations found in this study or its effects vary significantly per variable.
Encouraging friends of participants to participate in a study is known as snowball sampling. 54 Thus, by construction, this study made use of snowball sampling in obtaining some of its case participants and in obtaining the majority of its control participants. Snowball sampling has been used in a number of epidemiological studies on ASD.
11,55-57 While snowball sampling has the possibility of inducing biases in a sample, 58 some research suggests that in practice, this concern may be overstated. [59] [60] [61] A key question in this study 
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Postnatal asD risk factors survey is whether the reliance on snowball sampling for much of the control group induced systematic bias in the answers to the exposure questions. As many of the control participants were social media friends of cases, it seems likely that some of the control participants had some exposures among the variables under consideration in common with the case participants who referred them. Such a scenario would tend to make control responses more similar to case responses than they would have been with a purely random sample for controls. While this scenario could decrease the strength of some of the associations found, it seems unlikely that it would change the direction of such associations.
As this study is retrospective, the recall of participants is a key consideration. As one might expect, some participants selected the "I'm not sure" answer to some of the questions. This was especially common for the questions related to doses of acetaminophen, ibuprofen, vitamin D drops, and, to a lesser extent, courses of antibiotics. Cases selected this answer much more frequently than controls for each of these questions. For example, for the question on the number of doses of acetaminophen provided up to age two, 17.8% of cases selected "I'm not sure" compared to 9.9% of controls.
As previously noted, case children were on average 1.8 years older than controls. Thus, one would expect case participants to be more likely than control participants to select the "I'm not sure" answer. A relevant question is whether this differential in recall affected the ORs and aORs.
The question on number of doses of acetaminophen included answers, "None", "1-3", "4-15", "16-63", "64+", and "I'm not sure". If a participant never provided acetaminophen to her child, or perhaps provided it just once due to a high fever or some other novel event, it seems probable that the participant would be able to recall this fact when taking the survey. If the participant provided acetaminophen frequently to her child for more mundane aches and pains, it seems more likely that the participant would not be able to recall the number of doses. This inference is consistent with research on memory formation, which shows that recall for novel events is superior to recall for common events. 62 Thus, it seems likely that children of respondents who selected the "I'm not sure" answer on average received more doses of acetaminophen than children of respondents who did not select this answer. As mentioned, a greater proportion of case participants selected "I'm not sure" than controls. This suggests that exposure of case children to acetaminophen in this survey may have been underestimated relative to controls, which means that the ORs and aORs for acetaminophen may have been underestimated as well. The same is true of the other dose-dependent variables in this study.
Units
Numeric values for ORs, aORs, and CIs are dependent on the units in which the underlying variable is measured. 
gender as a covariate
While the main analyses in this study used gender as a covariate, and its selection as a covariate was based on objective criteria, there are reasons why analyses excluding gender may also be relevant. First, as previously highlighted, existing research shows gender is a significant risk factor for ASD, 46 and the results from the multifactor risk model (Table 6) confirm this. Hence, if another variable has a gender-specific effect on risk, the inclusion of gender as a covariate may diminish or possibly obscure an association of that variable with ASD due to interaction effects. Second, based on the survey design, none of the biological children of each of the control respondents had ASD. Data on gender of the siblings of each control child were not collected, and it seems plausible that there may be correlation of some of the exposure variables under consideration among siblings in the same family. Thus, the gender-specific nature of some of the control observations may be somewhat overstated, as only one gender was represented per control family, but none of the children in any of the control families had ASD. For these reasons, readers may wish to peruse results in Tables S6 and S7 , where gender was not included as a covariate.
Breastfeeding
Breastfeeding durations for controls in this study were somewhat longer than those seen in other national surveys. For example, the Centers for Disease Control found that 30.7% of infants born in 2013 were breastfed for 12 months or more. 64 This study found that 37.7% of controls were breastfed for .12 months. The biological mothers of controls in this study were more highly educated, and based on the ethnicities of control children, less ethnically diverse than the national population. 48, 65 These characteristics are associated with increased duration of breastfeeding. 66 Thus, the breastfeeding durations for controls in this study are about what one would expect given the demographics of the control population.
In this data set, longer duration of breastfeeding is associated with decreased risk of ASD when adjusted for any of the other variables. This finding was robust across all models examined. This finding is also consistent with many, but not all, of the existing studies on breastfeeding and ASD. 8, [13] [14] [15] This finding could conceivably reflect correlated variables that are not examined in this study. For example, decreased breastfeeding could reflect an insufficiently developed suckling reflex in the infant or an inability to breastfeed due to poor maternal health. Both could plausibly decrease the number of those who were ever breastfed among cases. However, for those in which breastfeeding was successfully initiated, it seems neither of these factors would lead to appreciably shorter duration. Thus, it appears neither of these factors could explain the significant differences between cases and controls in the longer duration categorical breastfeeding variables from Table 2 .
Alternatively, this breastfeeding finding may reflect some protective effect of breast milk. For example, breast milk contains each of the following: bifidobacteria, 67 lysozyme, 68 lipoxins, 69 glutathione, 70 and anti-inflammatory cytokines. 71 Literature suggests that relative to controls, children with ASD in aggregate have lower levels or bifidobacteria and lysozyme in the digestive tract, 72 decreased levels of lipoxin A4 and glutathione in plasma, [73] [74] [75] and increased levels of inflammatory cytokines in plasma. 76 Therefore, a number of possible components of breast milk could plausibly be connected to these results on breastfeeding and ASD. ear infection and antibiotics Table 2 shows that ORs for categorical variables for ear infection incidence increase monotonically with the number of incidents of ear infection. In other words, the raw data suggest ear infection is associated with increased risk of ASD. Table 4 shows that increased incidence of ear infection is associated with ASD (aOR 1.137, CI: 1.046-1.236, p=0.003).
Three smaller studies have previously found such an association between ear infection and ASD. 9, 10, 19 However, a large study based on medical charts recorded prior to diagnosis found that those with ASD had fewer ear infections than controls. 20 This study based on charts had an unusually high percentage of controls with at least one ear infection during the first 2 years of life. It also found the following: 1) marginally higher rates of hospitalization for ear infection among those later diagnosed with ASD, 2) higher rates of infection during the first 30 days of life among those diagnosed with ASD, and 3) marginal overrepresentation of those with 13 or more infections among those with ASD. These data suggest 
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Postnatal asD risk factors survey that this Rosen et al 20 study might have obtained a different result if the focus had been on ear infections that are unusually severe, persistent, or in the very young. Therefore, the authors would not disregard the findings in the present study and the three smaller studies on an association between ear infection and ASD based solely on the Rosen et al study. Table 2 shows that ORs for categorical variables for antibiotic use increase monotonically with the number of courses. Table 4 shows that increased exposure to postnatal antibiotics is associated with ASD (aOR 1.103, CI: 1.046-1.168,  p,0.001) . Two smaller studies have previously found such an association, one of which also found an association with ear infection. 9, 18 Antibiotics and ear infection are correlated variables. The correlation coefficient in Table 3 is 0.64. This is expected, as antibiotics are often used as a treatment for ear infection. 77 A natural question is whether one of these variables is causative, while the other is merely associated due to correlation.
Statistics for the Antibiotic/Ear infection model in Table 5 provide one way of examining this question. While the antibiotic variable has a statistically significant association with ASD in this model, the ear infection variable has no meaningful association with ASD. An analogous result holds in the Low-granularity antibiotic/Ear infection model where the antibiotic variable is expressed with a granularity that is comparable to that of the ear infection variable.
Similarly, the objective criteria used in constructing the multifactor model result in inclusion of the antibiotic variable and dropping of the ear infection variable. These results suggest that the antibiotic variable is the more significant of the two. Plausibly, the association of ear infection with ASD could be primarily a result of antibiotic use being correlated with ear infection.
If the association between antibiotics and ASD is fundamental, this may reflect the effect of antibiotics on the microbiome. Specifically, antibiotic use in childhood is associated with increased microbiome depletion and bacterial dysbiosis, 78, 79 and children with ASD are more prone to microbiome depletion and bacterial dysbiosis. 72, 80 acetaminophen and ibuprofen
As Table 2 shows, never being exposed to postnatal acetaminophen is associated with decreased risk of ASD (OR 0.652, CI: 0.432-0.986, p=0.041) and being exposed to 64+ doses of postnatal acetaminophen is associated with increased risk of ASD (OR 3.743, CI: 1.298-10.793, p=0.009). In addition, as Table 4 shows, increased exposure to postnatal acetaminophen, in general, is associated with increased risk of ASD (aOR 1.016, CI: 1.003-1.032, p=0.026) . In contrast, the analogous relationships between ibuprofen and ASD are much weaker. The correlation coefficient between acetaminophen and ibuprofen is 0.72, which shows they are correlated. This is not surprising as they are both analgesics. However, the Analgesic model showed that the association between acetaminophen and ASD is weakened but still present when ibuprofen is included as a confounding variable. No such association is evident between ibuprofen and ASD when acetaminophen is included as a confounding variable. In other words, the association between postnatal acetaminophen and ASD is much stronger than the association between ibuprofen and ASD, and the latter weak association could come about solely from ibuprofen use being correlated with acetaminophen use.
As neither analgesic variable is included in the multifactor model, one cannot preclude the possibility that the association between acetaminophen and ASD is due to correlation with other variables. Specifically, from Table 3 , acetaminophen use is correlated with antibiotic use. However, the statistically significant and distinct pattern of association exhibited by the categorical acetaminophen variables and the relative strength of the association of the scaled acetaminophen variable with ASD relative to the scaled ibuprofen variable suggest that the association with ASD is not merely due to its correlation with antibiotic use.
The present study replicates findings from a small survey study on postnatal acetaminophen use and ASD.
11 Some existing literature has already explored why acetaminophen exposure could be a risk factor for ASD. 11, 22, 81 In this context, the authors wish to highlight that children with ASD in aggregate are likely to metabolize acetaminophen less efficiently than unaffected children. In young children, sulfation is the primary pathway for the metabolism of acetaminophen, 82 and the antioxidant glutathione is critical for detoxifying a residual by-product. 83, 84 Relatedly, research on acetaminophen in animal models suggests that acetaminophen has greater toxicity in those where any of the following are in short supply: sulfate, cysteine, S-adenosyl methionine, or glutathione. [85] [86] [87] [88] [89] In children with ASD, the levels of free sulfate, 74, 75 cysteine, 74, 75, 90, 91 S-adenosyl methionine, 74, 75, 90, 91 and reduced glutathione 74, 75, 90, 91 in plasma are on average significantly lower than in controls. Hence, children with ASD as a group would appear to be particularly prone to acetaminophen toxicity.
Vitamin D drops
The "No vitamin D drop" variable (OR 1.475, CI: 1.165-1.866, p=0.001) in Table 2 suggests that providing no vitamin D drops is associated with increased risk of ASD. Yet, there are hints in the "3 months or less vitamin D drop" variable (OR 0.646, CI: 0.474-0.879, p=0.005) and the "Less than standard dose" (OR 0.376, CI: 0.178-0.793, p=0.008) variable that shorter duration of exposure and lower doses are associated with decreased risk of ASD.
The unadjusted OR in Table 4 for the cumulative postnatal vitamin D drop variable (OR 0.982, CI: 0.959-1.006, p=0.132) would seem to suggest that increased exposure to vitamin D drops is weakly associated with decreased risk of ASD. However, control mothers were better educated on average than case mothers, and those with higher education tended to use oral vitamin D drops. In addition, cases in this study were somewhat older than controls, and older children were somewhat less likely to have been exposed to oral vitamin D drops. Thus, once one adjusts for confounding variables, the association between vitamin D drops and ASD no longer points in the direction of decreased risk. Table 3 shows that the correlation between vitamin D drops and breastfeeding is 0.25. In the USA, vitamin D drops are recommended for children who are breastfed, since infant formula is already fortified with vitamin D. 92 Thus, it is expected that these variables would be correlated. Yet, there does not appear to be any associated reduction in ASD risk due to vitamin D drop use. In models that include vitamin D drops, breastfeeding, and demographic variables, the vitamin D drop variable is weakly associated with increased risk of ASD. Specifically, in the multifactor model, where the AIC results in the inclusion of the cumulative vitamin D drop exposure variable, it is weakly associated with ASD (aOR 1.026, CI: 0.996-1.057, p=0.093).
This weak association goes in the opposite direction of that hypothesized by most researchers who have considered vitamin D supplementation in the context of ASD. 12, 23, 24 It seems conceivable that a parent who has multiple children with ASD might have provided vitamin D drops to a younger child with ASD, following the diagnosis of an older child, if the parent was exposed to media suggesting that vitamin D might have a prophylactic effect on the development of ASD. This scenario would tend to bias the results toward case use of vitamin D drops. This scenario is also plausible, since as early as 2008, some literature hypothesized that vitamin D deficiency could be a risk factor for ASD. 93 To test whether this media effect could be significant in this data set, the specialized general linear model for breastfeeding and vitamin D drops excluding those with multiple ASD children was constructed as previously described. The association between vitamin D drops and ASD under this model was comparable to the model without this exclusion. Therefore, the weak association between vitamin D drop use and ASD does not appear to be due to a media effect.
One might wonder whether such a relationship would hold if other sources of postnatal oral vitamin D were included in an analysis. This was tested using the Breastfeeding/ Total vitamin D model. Based on p-values from Table 5 , the association between total oral vitamin D and ASD was marginally stronger than the association between vitamin D drops and ASD.
Thus, vitamin D drops as well as modeled total oral vitamin D consumed were both weakly associated with ASD in this sample when adjusted for breastfeeding. While none of these results are statistically significant using a 0.05 threshold, analogous results for both vitamin D drops and total vitamin D are statistically significant if gender is not included as a covariate (Table S8) . These results seem to support Zhou et al's work suggesting that excessive nutrient intake may be a risk factor for ASD. 25 Specifically, these results suggest that excessive postnatal oral vitamin D exposure may be a risk factor for ASD.
Prenatal folate
Unlike other variables in this study, prenatal folate could plausibly affect genetic risk for ASD if taken prior to conception. Therefore, exclusion of those with genetic conditions of high penetrance for ASD from the case set for analysis on prenatal folate seems unjustified. The Folate including genetic conditions model addresses this (Table 5 ). Yet, statistics on the folate variable in this model are similar to the statistics on the folate variable with genetic conditions excluded ( Table 4) . None of the folate variables in Tables 2, 4 , and 5 have p-values or CIs that would suggest a firm relationship between prenatal folate and risk of ASD.
A number of studies have found that prenatal folate supplementation is associated with a decreased risk of ASD, [36] [37] [38] 94 and other studies have found that prenatal folate attenuates the effect of other risk factors for ASD. 95, 96 However, other studies, which in aggregate have received much less attention, have found that prenatal folate supplementation may not affect the risk of ASD, 97, 98 may be associated with an increased risk of ASD, 99 may be associated with a decreased risk of ASD when included in a multivitamin but increased risk of ASD when consumed separately, 100 or may be associated with an increased risk of ASD at high levels of supplementation and a decreased risk of ASD at moderate levels of supplementation. 101 Given the varied and conflicting results in the literature, it is not surprising that the present study found no firm relationship between prenatal folate and the risk of ASD. 
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Postnatal asD risk factors survey Three additional considerations are relevant when evaluating this result. First, there was a single question in the survey on prenatal folate, and no data were collected on prenatal folate consumption prior to conception. Each of the studies that found that prenatal folate reduces the risk of ASD included some analysis of supplementation prior to conception. [36] [37] [38] 94 Second, the biological mothers in the present study appear to be somewhat better educated on average than those in at least three of the studies that found that prenatal folate reduces risk. 36, 37, 94 Table 3 in the present study shows that prenatal folate use in this data set is correlated with higher education. Thus, there may be less variability in use of prenatal folate in this sample with higher average education than there were in some of the prior studies. Third, while fortification of some foods with folic acid is mandatory in the USA, it is not mandatory in three of the countries where studies found that prenatal folate reduces risk. 36, 38, 94, 102 Hence, a study relying on a data set from the USA like the present one is less likely to find supplementation is beneficial than those based on data sets from countries where food fortification is not mandatory.
While there are already many studies on prenatal folate and ASD in literature, this study adds to evidence that prenatal folate supplementation has no significant effect on the risk of ASD in some populations. However, the results of this study are not inconsistent with the possibility that prenatal folate supplementation may reduce the risk of ASD if consumed prior to conception, in moderate doses only, by those in a less-educated demographic, or by those who do not consume foods fortified with folate.
strengths and limitations
Some limitations of this study arose from its reliance on data from an Internet survey. While efforts have been made to limit bias in this study and some of the analysis above suggests that any bias in the results was limited, the raw data collected from the survey were essentially unverified beyond what could be gleaned from the participants' answers. For example, only children whose parents indicated that a diagnosis was made by a professional were included in the case group, but whether such a diagnosis was actually made by a professional for a particular child was not independently verified. Relatedly, there was no uniformity in the type or methodology of diagnosis among case participants.
Separately, as previously noted, there are some material differences between case and control group demographics in this study. For example, the case and control groups differed in aggregate on gender distribution, mean age of child, maternal education, and, to a lesser extent, ethnicity.
While most of the key statistical measures used in this study were adjusted to account for differences in these variables and others, it would be desirable if the aggregate demographic characteristics of the case and control groups had greater similarity.
While using an Internet survey to build the underlying data set led to some of the study's limitations, this approach was also responsible for some of its strengths. For example, a relatively large sample size was obtained. Few ASD survey studies have as many participants as this one has, and this is especially true of postnatal ASD risk factor studies. Relatedly, a large and diverse set of groups were used in recruitment for this study, and participants came from all regions of the USA. Therefore, the results of this study do not have the limitation of potentially only applying to children who were seen at a particular medical center or to children whose parents are members of a particular organization. In addition, using an Internet survey to collect the data for this study minimized the probability of some types of bias associated with personal interactions. For example, data sets assembled via personal interviews have risks of bias associated with inconsistencies in interviewer technique or interviewer subjectivity.
Conclusion
This study adds to the evidence that increased duration of breastfeeding is associated with a decreased risk of ASD (aOR 0.948, CI: 0.932-0.949, p,0.001). It finds that postnatal acetaminophen (aOR 1.016, CI: 1.003-1.032, p=0.026), postnatal antibiotics (aOR 1.103, CI: 1.046-1.168, p,0.001), and incidence of ear infection (aOR 1.137, CI: 1.046-1.236, p=0.003) are associated with an increased risk of ASD. While associations with each of these three latter variables and the risk of ASD appear in the literature, this study serves as replication. This study also finds that cumulative oral vitamin D drop exposure is weakly associated with increased risk of ASD when adjusted for breastfeeding and demographics (aOR 1.025, CI: 0.995-1.056, p=0. 102 ). An analogous result holds for modeled total oral vitamin D as well.
directors, and presidents of various groups who graciously permitted the survey to be highlighted through their media. We are also grateful to the Interactive Autism Network (IAN) for its generous assistance with subject recruitment, and we wish to express our gratitude to the following people: Michael Falco of INCITE, Dr Kiely Law of IAN, and Dr Alison Marvin of IAN.
Neuropsychiatric Disease and Treatment
Publish your work in this journal
Submit your manuscript here: http://www.dovepress.com/neuropsychiatric-disease-and-treatment-journal Neuropsychiatric Disease and Treatment is an international, peerreviewed journal of clinical therapeutics and pharmacology focusing on concise rapid reporting of clinical or pre-clinical studies on a range of neuropsychiatric and neurological disorders. This journal is indexed on PubMed Central, the 'PsycINFO' database and CAS, and is the official journal of The International Neuropsychiatric Association (INA). The manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors. 
